Introduction
Rice (Oryza sativa L.) is one of the most important food crop grown and is consumed by one-third of the world's population. In order to support the increasing population the yields has to be increased. Nitrogen is an important primary constituent of the nucleotides, amino acids, proteins, chlorophyll and several plant hormones. It is one of the most important nutrients in improving crop yields. Nitrogen is responsible for improving panicle number and grain weight and responsible for reducing spikelet sterility (Fageria, 2009) . Though, application of nitrogen fertilizers increases crop yields, increased use of N fertilizers
International Journal of Current Microbiology and Applied Sciences

ISSN: 2319-7706 Volume 8 Number 04 (2019)
Journal homepage: http://www.ijcmas.com Nitrogen is the major nutrient element required for the plant growth and development. In rice, development of varieties with improved nitrogen use efficiency will reduce the nitrogen fertilizer application. This study was investigating the genotypic differences in photosynthetic nitrogen use efficiency, nitrogen use efficiency, yield and yield related traits of 12 different rice genotypes under two different nitrogen levels viz., T1 and T2. Different physiological and agronomical characters were measured in selected 12 genotypes, growing in field. The photosynthetic rate was recorded higher (23.3 μmol CO 2 m -2 s -1 ) with rice genotype Sampada. Efficiency parameters including Photosynthetic Nitrogen Use Efficiency and Harvest Index were studied in order to determine NUE. Chlorophyll content was recorded maximum in vegetative stage under 100% RDN and in reproductive stage under T1 and T2 in NUE genotype of Vardhan and minimum in low NUE genotype Sampada x Jaya/3 under T1 and T2 treatments. Total Dry Matter, grain yield and leaf nitrogen content were higher in high NUE genotype Vardhan. High chlorophyll content in case of Vardhan under low nitrogen content support their higher grain yield and total dry matter content. The Nitrogen Use Efficiency (7.11) and photosynthetic nitrogen use efficiency (12.50) were lower when treated with 100% of recommended Nitrogen. The maximum average grain yield of 824 g m -2 was registered in Vardhan genotype. effects global N cycle, depletion of ozone layer and also causes nitrate leaching problems in soil (Hakeem et al., 2012) . Out of the total amount of applied nitrogen, only 30-40% of the applied N reaches the plant and the remaining is lost to the environment (Raun and Johnson, 1999) . Hence, using Nefficient genotypes is an important strategy in reducing cost of production as well as environmental pollution.
Nitrogen use efficiency has been defined as grain yield per unit of N available in the soil (Good et al., 2004) . At higher N rates, the decrease in NUE indicates that rice plants could not absorb or utilize N at higher rates or that N loss exceeded the rate of plant uptake. Nitrogen use efficient genotypes can be defined as plants which can absorb and accumulate higher N content and grow well and yield better under low N conditions (Mi et al., 2007) . NUE is relatively low in rice as major part of N applied to rice is released as gaseous N, effecting environment and reducing economic efficiency of applied N (Hakeem et al., 2012) . In order to protect environment it is very important to identify or develop high NUE rice genotypes for its production under low cost management practices. Rice genotypes differ in their NUE and also in their response to added N which can be explored and further utilized in the development of efficient genotypes for N limiting environments.
Photosynthetic N use efficiency is the ratio between Net photosynthesis rate and Leaf N content. NUE biomass is largely affected by N concentrations, N partitioning between stems and leaves, N efficiency in converting CO2 to carbohydrate through photosynthesis, vertical N distribution in a canopy, RUBISCO activity and leaf senescence.
The identification of genotypes with high Nitrogen use would minimize the use of expensive chemical fertilizers and encourage sustainable agriculture. Genotypes differ in their ability to absorb and utilize nutrients and genetic variation in nitrogen use efficiency (NUE) in rice it was reported by many workers. Hence, to understand the genetic variation rice genotypes for their responsiveness to nitrogen, the present study has been designed to the following objective to determine the physiological basis of the nitrogen efficiency of rice genotypes under two varied nitrogen regimes.
Materials and Methods
Site description
The A spacing of 20x10cm was adopted uniformly. A thin layer of 2-3 cm water was maintained constantly till the establishment of seedlings. Thereafter about 5 cm of water was maintained up to dough stage of the crop. Irrigation was withheld at the physiological maturity of the crop.
Sampling, observation and calculation
Five plants per plot were sampled at vegetative stage, flowering and harvest stage for recording the observations. The observations were made on different agronomic and physiological characters in each treatment.
Chlorophyll content
The quantitative determination of leaf chlorophyll content was done using a spectrophotometer. 25 mg of the fresh leaf tissue of each sample was cut into small pieces and placed into 10 ml tubes containing 10ml of 80% acetone and kept in dark for 1-2 days to ensure complete extraction of leaf chlorophyll pigment. The absorbance of the chlorophyll solution was measured by using a UV-VIS double beam spectrophotometer (Spectrascan 2600, Chemito). 
Gas exchange parameters
Photosynthetic characteristics such as Photosynthetic rate (P N ), Stomatal conductance (g s ), Transpiration rate (E) and Internal CO 2 concentration (C i ) were recorded at maximum vegetative stage by using Li-Cor 400 (IRGA) portable photosynthesis measurement system attached to leaf chamber flurometer (LCF model 6400-1, LICOR, USA) which is used as artificial light source. During measurements the Photosynthetic Active Radiation (PAR) was kept at 1200 μmol m -2 s -1 and CO 2 concentration was kept at 387±6 ppm. These measurements were made between 10.00 am to 12.00 noon at all sampling dates.
N content
Nitrogen content in leaf, stem and root was estimated following to Kjeldahl method using block digestion and steam distillation. Nitrogen content was expressed as per cent by using the following formula:
Weight of sample (mg)
Yield and yield components
The parameters like number of productive tillers per plant, number of grains per panicle and thousand grain weights and grain yield per plant were recorded at maturity for assessing the relationship between yield and its components. The yield samples were dried to a constant weight and threshed manually to determine the grain yield which was then expressed in g m -2 .
Partial Factor Productivity of Nitrogen (PFPN)
PFPN (in kilograms of grain per kilogram of N applied) were calculated as following equation: PFPN = Yield/N input (Zhang et al., 2018) .
Photosynthetic nitrogen use efficiency
PNUE, determined by photosynthetic rate per unit leaf organic N content (Li, Y., et al., 2011) .
Harvet index
Harvest index was calculated by using the formula economic yield/ biological yield x 100.
Data processing and statistical analysis
The data generated on various parameters during the course of investigation were statistically analysed by applying the technique of analysis of variance (Gomez, 1984) .
Results and Discussion
Leaf pigment content
Non-significant differences was observed between genotypes for chl a and chl b contents in both T1 and T2 treatments (Table. 4.1). These pigment levels were more in high NUE genotype Vardhan. The total chlorophyll content increased with increased N content at reproductive stage. Similar results were observed by Pramanik and Bera (2013) . Total chlorophyll content and chlorophyll/carotenoid ratio showed nonsignificant difference among genotypes in both T1 and T2 treatments. Significant differences was observed among genotypes for carotenoid content and for chl a/b ratio (Table 4 .2).
Characteristics of photosynthetic gas exchange
Both high NUE and low NUE genotypes exhibited significantly higher values of P N , g s and T in T2 than those of T1 (Table 4. 3). Among nitrogen levels, T2 exhibited significantly higher mean photosynthetic rate (23.3 μmol CO 2 m -2 s -1 ) and the lowest mean photosynthetic rate was observed in T1 (19.6 μmol CO 2 m -2 s -1 ). Sun et al., (2012) observed increased photosynthetic rate with increased nitrogen. This may be attributed to higher chloroplast CO 2 content, chloroplast size, Rubisco activity and carboxylation capacity (Li et al., 2009 ). The C i in rice plants fed high N was lower than in those fed low N. The same result was observed by Li et al., 2012 
Yield and yield components
Nitrogen significantly improved yield of rice by improving yield components like tiller number, number of filled grains per panicle and reduced grain sterility. The increment of grain yield in this study at higher nitrogen levels might be due to efficient production and translocation of the dry matter from source to sink as a result of absorption of nitrogen and other elements. The highest number productive tillers per plant (23) were recorded when the crop fertilized with 100% of recommended nitrogen whereas lowest number of tillers per plant (8) was observed from crop fertilized with 50% RDN.
Similar were reported by Ahmed et al., (2005) who reported higher number of productive tillers with higher level of added nitrogen. Rajput et al., (1988) found that more number of tillers m 2 might be due to the more availability of nitrogen that played a vital role in cell division.
Panicle traits such as panicle number -2 , panicle length, panicle dry weight, number of filled grains per panicle and spikelet sterility have been important for rice breeders because they are crucial determinants of grain yield. Panicle number recorded significant difference with nitrogen levels. Highest number of panicles (580) was recorded at 100% RDN and lowest (313) was recorded at 50% RDN. During the beginning of panicle development there exists competition for assimilates between developing panicles and young tillers resulting in suppression of growth of many young tillers therefore they may senesce without producing panicle.
Significant difference was observed between N levels and genotypes for panicle length, number of filled grains per panicle and spikelet sterility. Application of different N levels had no significant effect on 1000-grain weight, but it was found that application on different genotypes affected on 1000-grain weight significantly. The highest 1000-grain weight (28.5 g) was obtained from the plots of Sampada x Jaya/3, while minimum 1000-grain weight (13.50 g) was produced by Vardhan x BPT 5204/10. Tayefe et al., (2014) also showed the same result. High NUE genotype showed more grain yield than that of low NUE genotype in both the treatments and the difference was more in T2 than that of T1.
There were no significant differences in grain yield with the T1 and T2 treatments, whereas the yields with the T2 treatments were higher than those of the T1 treatment. Numerous studies have shown that the response of grain yield to N input fits a linear-plateau or convex quadratic model (Zhang et al., 2015) . Thus, a small decrease in the theoretical maximum achievable yield caused by reduction of N application rate will not severely reduce the grain yield in practice (Zhang et al., 2018) .
Partial factor productivity of nitrogen
The results showed that the NUE was higher at 50% RDN when compared to 100% RDN. There was a significant difference in the PFPN among the treatments (Table 4 .4). It is due to less utilization when compared to absorption at higher N concentration. Decreasing NUE at higher N rates indicates that rice plants could not absorb or utilize N at higher rates or that N loss exceeded the rate of plant uptake (Devika et al., 2018) .
Effects of N levels on N content
The N content of roots, stems, and leaves increased with increasing N supply (Table  4 .5). Within the plant nitrogen content was highest in leaf. Large part of the N in the rice plant is present in leaves throughout the life of the plants. This supports the chloroplasts which in turn drives the dry matter production of the plant through photosynthesis. Leaf N content is closely correlated with single leaf photosynthetic rate in rice plants grown in pots (Yoshida and Coronel, 1976) . Canopy photosynthetic rate is affected by leaf area which in turn affected by leaf N. The mean value of leaf N was highest (2.07%) in Vardhan genotype and the lowest value (1.49%) was found in Rasi genotype. The mean value of stem N was highest (0.85%) in Rasi genotype and the lowest value (0.44%) was found in Vardhan genotype. The mean value of root N was highest (0.97%) in Rasi genotype and the lowest value (0.70%) was found in Sampada x Jaya/3 genotype.
Effects of N concentration on PNUE of newly expanded leaves of rice plants
PNUE is higher in genotypes with low leaf N content when compared with genotypes with high leaf N content (Table 4 .6). Although leaf N content increases with high N supply, photosynthetic nitrogen use efficiency is lower in high N-content leaves of certain species (Sage and Pearcy, 1987) . The proportion of total leaf N in the thylakoids remains constant with increasing leaf N content, whereas leaf soluble N increases (Makino and others 1997) . Mae (1997) concluded that the maximum rate of CO 2 assimilation per unit leaf area is almost proportional to the leaf nitrogen which might be due to large part of leaf nitrogen is present in chloroplasts.
Harvest index
Nitrogen fertilization had no significant effect on harvest index (HI). The HI was marginally higher under T1 when compared to T2. Vardhan has highest and MTU 1010 has lowest HI. Hence, they were identified as nitrogen efficient genotypes because they consistently produced high grain yield.
